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AHHOTaU,HH 

B paMKax MHorosjieKTpoHHoit s-d o5MeHHoli Moj^ejin IIIy6HHa — BoHCOBCKoro h 
MOflejiH Xa66ap/];a BbiBOflHTCH caMocorjiacoBaHHbie ypaBHeHHH fljia oflHonacTHH- 
Hoit sanas/ibiBaiomeH 4)yHKii,HH FpHHa b npeflCTaBjieHHH MHoroajieKTpoHHbix X- 
onepaTopoB Xa65ap/],a MeTO^OM pacii;enjieHHH i^enoHKH ypaBHeHHH ^BHJKeHHa. Ana- 
jiH3HpyeTCH o6maH CTpyKTypa o^HoysejibHbix npH6jiHJKeHnit h hx CBasb c npH6jiH- 
jKeHHeM KorepeHTHoro noTeHu;Hajia (riKIl, CPA) a Teopneii ^HHaMHHecKoro scJ^cJjeK- 
THBHoro nojia (DMFT). 

Hcnojibsya caMocorjiacoBaHHbie npH6jiHJKeHHa, mm fleTajibHO Hccjie^yeM Kap- 
THHy 3bojiioii;hh 3jieKTpoHHoro cneKTpa npn HaMeneHiiH saTpaBOHHbix napaMeTpoB 
MOflidJin (KOHCTaHTbi CBH3H, KOHii;eHTpaii;HH HOCHTejieft TOKa). 06cyjK/];aeTC}i Bjina- 
HHe pasjiHHHbix 4)aKTopoB (KOHflOBCKoe MHoro3JieTpoHHoe pacceHHHe, pasMbiTHe, 
o6ycjiOBjieHHoe saTyxaHHeM, co5cTBeHHaH flHHaMHKa noflciicTeivibi jioKajiHSOBaHHbix 
momchtob) Ha 4)opMy hjiothocth coctohhhh N{E) c yneTOM BsaHMO/ielicTBHa. 

IloKaaaHO, hto HcnojibsoBaHHe jioKaTopnoro npe/i,CTaBjieHHH nosBOjiaeT b pajie 
cjiynaeB H36ejKaTb HeaHajiLiTHHHOCTelt b npnGjiiiJKeHHbix BbipaJKennax fljia cJjyHK- 
Li,HH FpHHa. 3tot HOflxo/i; HOSBOjiaeT BocnpoHSBecTH npH onpeflejiennbix SHaneHHax 
HapaMBTpoB TpexHHKOByio CTpyKTypy N{E) b6jih3h nepexo^a MeTajiji— HsojiHTop. 

1 BBG^GHHe 

O^HHM H3 HaH6ojiee BajKHbix H HHTepecHMx HanpaBjieHHH xeopeTHHecKofl h 3KcnepHMeH- 
xajibHoii (1)H3HKH KOH^eHCHpoBaHHoro cocToaHHH BemecTBa, aKTHBHo pasBHBaiomHMca 
B nocjie^Hee BpeMa, aBjiaexca HsyneHHe MHoro3jieKTpoHHMX scJicl^eKTOB b coeflHHeHHSx 
Ha ocHOBe nepexoflHbix h pe^KoaeMejiBHtix ajieMenxoB c 3d, 4/ h 5/ HesanojiHeHHbiMH 
o6ojioHKaMH. 3to o6ycjioBjieHo rpoMa^HbiM pasHooGpasneM (l)H3HHecKHx aBjieHHii, na- 
Gjiio^aiomHxca b ^annbix cHcxeMax h hx npaKTHHecKoil sHaHHMocTbio. K HHCJiy xaKHx 

(|)H3HHeCKHX 3BJieHHH OTHOC3TC3 UIHpOKO HSBeCTHBIH nepeXOfl MCTajIJI — H30JI5ITOp (mOT- 

tobckhh nepexo;];), (l)opMHpoBaHHe cocToaHHfi c 6ojibmoH Maccofi HocHxejiefl sapa^^a b 
TajKejio(l)epMHOHHL.ix cHCTCMax, Tflfi npoHcxo;i,5iT pasjiHHHBie (JiasoBBie nepexo;i,t.i c yna- 
CTHCM CBepxnpoBO^^HmeH, MarHHToynop5i;];oHeHHOH, ;];H3jieKTpHHecKOH h MeTajiJiHHecKofl 
(J)a3, a xaKJKe nepexo^Bi ueyKpy cocto3hhhmh c jioKajiHSOBaHHbiMH h ;];ejioKajiH30BaH- 

HBIMH MarHHTHblMH MOMeHTaMH. ClOfla JKC OTHOC5ITCa SBJieHHe BBicoKOTeMnepaxypHOH 
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CBepxnpOBOflHMOCTH (c pa;i,OM HSBeCTHblX OrOBOpOK), He(|)OHOHHbie MexaHHSMbI (|)OpMH- 

poBaHHS CBepxnpoBOflamero coctohhh3, BajieHTHbie (|)jiyKTyaii;HH, rnraHTCKoe Marnexo- 
conpoTHBjieHHe, aHOMajiBHbie sjieKxponHbie cBoflcTBa h MarneTHSM pemexoK KoHflp. Kax 
BbiacHHjiocb npH ;];ajibHeHmeH paspaGoxKe xeopHH, o^^HonpHMecHbifl 3(|)(|)eKT KoHflp nrpa- 
ex oneHB BajKHyio pojit h b npaBHjiBHOM noHHMaHHH H onHcaHHH MoxxoBCKoro nepexofla. 

XapaKxepHoii ocoGeHHocxbio sxhx 4)H3HHecKHx chcxcm HBjiaexca sHaHHxejibHbiH 
BKjia^ MHorosjieKxpoHHbix 3cJ)cJ)eKxoB B HaGjiioflaeMbie cBoficxBa, oGycjioBjieHHtiii chjib- 
HbiM KyjioHOBCKHM BsaHMo^eflcxBHeM MCJK^y sjieKxpoHaMH HeaanojiHeHHBix BHyxpeH- 

HHX o6ojIOHeK Ha ySJie H HX BSaHMO^efiCXBHeM C KOJIJieKXHBHSHpOBaHHblMH sjieKxpoHa- 
MH BHeniHHX oGojIOHeK. ripH 3XOM BejIHHHHa BHyxpnaXOMHOrO KyjIOHOBCKOrO B3aHMo;i,eH- 

cxBHa cpaBHHMa HjiH Gojibine niHpHHbi saxpaBOHHofl sohbi (xapaKxepnsyexcH BejiHHHHofi 
HHxerpajia nepeKptixHs, nepenoca). TaKne cncxeMbi npHHHxo nasbiBaxb chjibho KoppejiH- 

pOBaHHblMH CHCXeMaMH HJIH CHCXeMaMH C CHJIBHBIM MeJKSJieKXpOHHBIM BSaHMO^^eflCXBHeM. 

HaHHHaa c nepBbix hohbixok xeopexHHecKoro onncaHHa Xa66ap;];oM [TP] nepexojia ue- 
xajiji — H30JIHX0P H BBefl^enna hm MHorosjieKxpoHHbix onepaxopoB, ^jih oHHcaHHH sBjienHH 

B CHJIBHOKOppejIHpOBaHHBIX CHCXeMaX HpHMCHSJICa BeCb CHCKXp XeOpeXHHeCKHX MeXOflOB. 

IIInpoKo HcnojiBsoBajiHCB Mexo^Bi ocHOBaHHbie Ha npnGjiHiKeHHOM pacH;eHjieHHH H;eHOH- 

KH ypaBHeHHH flBHJKeHHH ^JI5I (|)yHKH;HH FpHHa, MeXOfl KOHXHHyajIBHOrO HHXerpHpOBaHHH 

(cHHH-(|)jTyKxyan;HOHHL.ie xeopHn), pasHooGpasHbie pacmnpeHHa xeopHH 3cJ)cJ)eKXHBHoro 
nojia, Mexofl BcnoMoraxejitHtix Gosohob h 4)epMHOHOB b KOHXHHyajitHOM HHxerpajie no 
KorepeHXHBiM cocxoaHHaM, HecxaH^apxHbie flHarpaMMHbie xcxkhkh, paajiHHHtie Mexo^Bi 
HHCJieHHoro Mo;];ejiHpoBaHH3 H nponee. 

Cjiojkhocxb nocxpoeHHH corjiacoBaHHoro xeopexHHecKoro onncaHHa 9xhx chcxcm b 
paMKax Mo;i,ejibHL.ix no;i,xo;i,OB oGycjioBjiena xeM, hto b xaxHX CHCxeMax npoHcxo;];HX ne- 

peCXpOHKa OCHOBHOrO C0CX03HH3 BblSBaHHaa CHJIBHBIMH SJieKXpOHHblMH KOppejIHn;HHMH H, 

KaK cjieflcxBHe, npn npoMeacyxoHKbix SHaneHHax napaMexpa BsaHMO^elicxBHa (a HMen- 
Ho 3XOX cjiynafl h oKasbiBaexca HanGojiee HHxepecHbiM) HMeioxca o^HOBpeMeHHo ^Ba cy- 
mecxBCHHo pasjiHHHbie xHna sjieMenxapHtix B036y>KfleHHH — cjDepMHJKH^KocxHoro xnna 
H <cxa66ap^oBCKHe» (cBaaanHbie c jioKajiHsoBaHHbiMH cocxohhhhmh) . Hpn 3xom o6a xh- 
na B036y>K^eHHH KaK npaBHjio CBaaaHti c oflHoii h xoh jkc cncxeMoii sjieKxpoHHbix co- 
cxoaHHH H nocjie;];oBaxejit.Hoe onncaHHe b paMKax xeopHH B03Myn];eHHH OKasbiBaexca ne 

XOJIBKO He;];OCXaXOHHt.IM, HO TpYflflO OCymeCXBHMblM. OxCIO;i,a BOSHHKaeX Heo6xOflHMOCXb 
HOCXpoeHH3 paSJIHHHBIX HHXepHOJI5in;HOHHt.IX CXeM, aBJIHromHXCa ;];OHOJIHHXejII>HI>IMH HO 

oxHomeHHK) flpyr k Apyry c xohkh spenna KoppeKXHO OHHCt.iBaeMt.ix hmh cbohcxb. 

HaMexHBHiHHca b Hocjie^^nne napy ;];ecHXHjiexHH nporpecc b HocxpoeHHH e/i,HHoro ohh- 
caHHs BO Bcefi oGjiacxH napaMexpoB Mo;];ejit.Ht.ix raMHjibxoHHaHOB chjibho Koppejinpo- 
BaHHbix cHcxeM cxaji BosMoxcen 6jiaro^ap5i saMenaxejitHOMy naGjiro^eHHio, c^ejiaHHOMy 
OojiJixapflxoM H MexH;HepoM [3j. B paMKax Hccjie^oBaHHH Mo^ejin Xa66ap^a ohh oGna- 
pyjKHjiH, HTO B npe^ejie 6ojibmHX pasMepHocxefi npocxpancxBa d hjih 6ojiBmoro peme- 
xoHHoro Koop^HHati;HOHHoro HHCJia z H npn no^xo^5iiu;eH nepenopMHpoBKe saxpaBOHHtix 
HHxerpajiOB nepenoca saKonoM coxpanenna KBaannMnyjibca b Bepmnnax BsanMo^encxBHa 
MOJKHO npeneGpenb, xaK nxo bch (|)H3HKa sa^^ann onpe^ejiaexca ncKjironnxejibno ^^nnaMH- 
Koit Ha oflHOM ysjie. B 3xom cjiynae pemenne sa^^ann cbo;];hxc3 k naxoac^^ennro ^HnaMHKH 
ysjia BO BnemncM ^nnaMnnecKOM nojie nponsBOjibnoro BH^a (co;];ep>Kaiu;eM KaK sanas- 
flfABamuxne, xaK n onepeacarotttne KOMnonenxbi) , Koxopoe b ^ajibnenmeM naxo^^nxca ns 
ncKoxoporo ycjioBna caMocorjiacoBanna. Boo6iti;e roBopa, pacnex o^nonacxHnnon (|)ynK- 
n;HH FpHHa ^jih xaKofi aa^ann cjiopMajibno ne npoiu;e, neM ee naxo^Kflenne ^jia ncxo^- 
HOH pemexonnoii sa^ann, xaK KaK c xohkh apenna xeopnn B03Myni,eHHH cjiaGoii cbjish 
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HeoGxoflHMo yHHTMBaxb Bce tot ace nojiHtifi naGop cKejieTHbix ;];HarpaMM b pasjiojKe- 

HHH Co6cTBeHHO-3HepreTHHeCKOH HaCTH O^^HOHaCTHHHOii 4)yHKIi;HH FpHHa: XOTS SaBHCH- 

MOCTH OT KBasHHMnyjibca HCT, ocTaiomajica BpeMeHHaa (snepreTHHecKaa) saBHCHMocTb 
;];HarpaMM HeTpHBHajibna. 

3tot Mo^ejiBHo He cnen;H(|)HHecKHH (|)aKT h jier b ocHOBy paspaGoTaHHoro aBTopa- 
MH oGaopa jl] MeTo^a -s^HHaMHHecKoro 3(|)(|)eKTHBHoro noji5i» (Dynamical Mean Field 
Theory, DMFT), KOToptie nepecJiopMyjinpoBajiH aa^any o npHMecHOM ysjie b nojie b bh- 
fle sa^aHH o npHMecH BsaHMOflelicTByiomeH npocTbiM oGpaaoM c TepMocTaTOM cbo6o^hl.ix 
cJ)epMHOHOB c caMocorjiacoBaHHbiM onpe^ejienneM ero napaMeTpoB. B aaBHCHMOCTH ot hc- 
nojibsoBaHHoro ^jia BHeniHero nojia npe^cTaBjieHHs, Taxaa aa^ana cbo^htcs k pemeHHio 
oflHonpHMecHOH MOflejiH An^epcoHa (HcnojibsyeTca cneKTpajibHoe npeflCTaBjieHHe fljia no- 
JI3 Bnflfi HHTerpajiBHOH cyMMbi) hjih, ropasflp peace, oflHonpHMecHoii Mo^ejiH Bojib4)a [5] 
(HcnojibsyeTCH cnexTpajibHoe npe;];cTaBjieHHe fl^jis nojia b BH^e HenpepbiBHofi ^poGn th- 
na 5lKo6H-He6L.imeBa) c caMocorjiacoBanHbiM onpe^^ejienneM napaMeTpoB raMnjiBTOHHana 
Mojiejieti. 

Taxaa nepe(|)opMyjiHpoBKa — CBe^enne HyjiBMepnoii saflann k 3(|)(|)eKTHBHOH 

(KBa3H)oflHOMepHOH, — HOSBOJISeT HpHMeHilTb K HCCJieflOBaHHK) CHJTBHOKOppejIHpO- 
BaHHblX CHCTeM H OnHCBIBaiOmHX HX MO^ejiefl BeCB CneKTp TeOpeTHneCKHX H HHCJieHHblX 

MeTO^OB, pa3pa6oTaHHL.ix ^jia HayneHMH o^noMepHbix cncTeM (^HHaMnnecKHe h TepMO- 
flHHaMHHecKHe CBoiicTBa KOToptix K HacToameMy BpeMenn HsyneHBi onenb xopomo), a 
TaKJKe npHMeHSTb napaGoTaHHtie b stoh oGjiacTH HHTyHi],HH h anajiorHH ^jia noHHMaHna 
noBefleHH3 ^By- h TpexMepHbix Mo^^ejiefl chjibho KoppejinpoBanHbix cncTeM. 

BnecTe c TeM, yKaaaHHoe oToGpajKenne na oflHOMepnyio 3(|)(|)eKTHBHyio Mo^ejib sBjia- 
eTCH CKopee yflpGnhiM cpe;];cTBOM, nem npHHii;HnHajibHL.iM momchtom, Korfl^a pent, nj^eT o 

HenOCpe^CTBeHHOM BblHHCJieHHH CneKTpOB B036y>K;];eHHH CHCTeMbl H npOHHX CBOHCTB. B 

caMOM ^ejie, pasjiHHHBie MeTOflti pemeHHH scjacjaeKTHBHoli npHMecHofi aa^ann, ocnoBan- 
Hbie Ha TOM HJIH HHOM BapHaHTe HHCjieHHOH peHopMrpynnbi hjih HHCJieHHoii ^naronajiHsa- 
n;HH, HCHOJibsyioT no^oGnoe oToGpajKenne, a HoaBHBniHHca ne Tax ^aBHo h y>Ke cTaBniHH 
oneHb HOHyjiapHBiM mcto^ MoHTe-Kapjio c HeHpepbiBHbiM BpeneneM (CT-QMC) [SIE] — 
HeT. Bojiee HpHHn;HHHajibHL.iM KajKeTca yneT BosMOJKHoro v^eAeeoso ochobhofo cocto3hh5i 
(nanpHMep, aHTH(j3eppoMarHHTHoro) npn HOCTpoennn HyjibMepHofi npHMecHOH MOflfiJiR 
{hjih ceMeiicTBa Mo^^ejiefl b o6in;eM cjiynae) h onpe^^ejiennn ycjioBHH caMocorjiacoBaHHH 
Ha 34)(|)eKTHBHoe ^HHaMHHecKoe HOJie (hojih). L[,ejieBoe ocHOBHoe cocToanne BbiGnpaeTCH 

HCXO^H H3 TOrO Kpyra 4)H3HHeCKHX HBJieHHH, KOTOpbie Heo6xo;];HMO OHHCaTb. 

B 6a30BOH 4)opMe cxena MeTo^a DMFT MoaceT 6t.iTb Hsjioacena cjie;i,yioiii;iiM o6pa30M. 

• JXjis 3a;];aHHoro raMHjibTOHHaHa pemeTOHHott MOflejiH chjibho KoppejinpoBaHHofl ch- 
CTeMbi H yneTOM bosmomchoso cnoHTaHHoro HapymeHHH CHMMeTpnH b ochobhom co- 
CTOHHHH HyjKHO BbinncaTB cooTBeTCTByiomyio 3cJ)cJ)eKTHBHyio o;i,HonpiiMecHyio MO- 
^ejiB (hjih ceMeiicTBo Mo^^ejreft) h ycjroBHe caMocoraacoBaHHH na 3(|)(|)eKTHBHoe ^h- 
HaMHHecKoe nojie (nojia) . OGhinnas 4)opMa TaKoro ycjiOBHa CB5i3t.iBaeT ^Haronajit- 

HblH MaTpHHHblH 3JieMeHT OflHOHaCTHHHOH cJ)yHKn;HH FpHHa HCXO^HOii pemeTOHHOH 

sajxaHR c o^HOHacTHHHOH 4)yHKn;HeH Fpnna npHMecH hjih Henocpe^cTBeHHO c ^nna- 

MHHeCKHM HOJieM 34)4)eKTHBHOH IipHMeCHOH 3a^aHH. 

• HaHTH Heo6xo^HMt.ie Koppejian;HOHHt.ie (|)yHKn;HH 3cJ)cJ)eKTHBHOH o^HOHpHMecHofi 3a- 

^aHH ^JIH HpOH3BOJIbHOrO ^HHaMHHeCKOrO HOJIH. KaK HpaBHJIO, Hin;eTC5I O^HOHaCTHH- 

Haa (|)yHKn;Ha Fpnna, nocKOjiBKy HMenno ona hjih CBa3anna5i c nen Bejinnnna (jan- 
rypnpyeT b THnnnntix ypannennax na naxoJKflenHe caMocorjiacoBannoro 3nanenH3 
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34)4)eKTHBHOrO flHHaMHHeCKOrO nOJIH. 



• YpaBHeHHa na caMocorjiacoBaHHoe ^HHaMHHecKoe nojie h Ha6op Koppeji5in;HOHHL.ix 
cJ)yHKij,Hii, saBHcamHx ot 9Toro nojiH, oGpasyioT saMKHyTyio cHcxeMy ypaBHeHHit, 
KOTopyio H HeoGxoflHMo peniHTb. 

Ha npaKTHKe HSJioaceHHaa oGmaa cxeMa oGbihho peajiHsyexcH hhcjichho. JXjis sToro neoG- 
xo;];hmo SHaxb ypaBHCHHa ^jia Haxo>K;i,eHH3 caMocorjiacoBaHHoro ;];HHaMHHecKoro nojia h 

BBipaJKeHHH fl^JlS KOppejIimHOHHblX 4)yHKn;HH npHMeCHOH MO^ejIH, B HaCTHOCTH, JIJIS Oflr 

HOHacTHHHoii 4)yHKii,HH FpHHa. KaK npaBHjio ypaBHeHHH fl^jis Haxo>K;];eHH5i caMocorjia- 
coBaHHoro ;];HHaMHHecKoro nojiH HSBecTHbi b hbhoh cjDopMe. CoBepmeHHO hhbim oGpasoM 

o6cTOHT ^ejIO CO SHaHHeM TOHHOH HBHOH HJIH HejIBHOii cJ)yHKn;HOHajIbHOfi SaBHCHMOCTH 

oflHOHacTHHHoii (|)yHKn;HH FpHHa ^Jia o^HOHpHMecHoii aa^ann ot npoHSBOjibnoro ^nna- 
MHHecKoro nojiH. ToHHoe SHanne xaKoii aaBHCHMOCTH aBjiaexca CKopee HCKjiioHeHHeM, 
MCM npaBHjioM, H B aHajTHTHHecKOM BHfle 3Ta saBHCHMocTb MOJKex GbiTB ycTanoBjiena 
jiHinB npnGjiHJKeHHO. Xopomeli ajiBTepnaTHBoii snaHHio SBHoii hjih neaBHoii saBHCHMOCTH 
cJ)yHKn;HH FpHHa ot hojis aBjiaexca HpHMenenne mcto^ob nenocpe^cTBeHHoro HHCjieHHoro 
Mo^ejiHpoBaHHa KBanxoBbix chctcm, b Koxopbix neoGxo^HMbie KoppejiHii;HOHHt.ie (|)yHKii,HH 
BbiHHCJisioTca Henocpe;];cTBeHHo saflaHHoro sHaneans flHHaMHHecKoro nojia. 

TaKHM oGpasoM ij,eHTpajibHt.iM momchtom jiioGoh npaKTHHecKoit peajiH3aij,HH cxeMbi 
DMFT HBjiaexcH nocTpoenne scJxJieKTHBHoro cnoco6a pemeHHa npHMecHofl 3&fl,aHii b npo- 
HSBOJiBHOM BHeniHeM nojie (xax nasbiBaeMoro npuMecnoso coAheepa) na ochobc tohhoh 
HJIH npH6jiH>KeHHOH HHCJieHHOH npon;eflypt.i Haxo>K/i;eHH5i Tpe6yeML.ix Koppeji5in;HOHHL.ix 
cJ)yHKn;HH c HcnojibsoBaHHeM xopomo HSBecTHbiH HHCJiennbix mgto^ob xnna tohhoh ^na- 
roHajiH3an;HH, HHCJieHHofi penopMrpynnbi, Mexo^a MoHxe-Kapjio h np., jih6o na ochobc 

KOppeKTHOrO C TOHKH SpeHHil OnHCBIBaCMBIX CBOHCTB aHajIHTHHCCKOrO npH6jIH>KeHHiI flJIH 

o^HOHacTHHHOH (|)yHKn;HH FpHHa HpHMecHOH sa^aHH c Hocjie^yionieH ero HHCJieHHOH pea- 

JIH3aH,HeH. ECJIH >Ke yHHTblBaXb JIOKajIbHblH XapaKXep 3(|)(|)eKTHBHOH HpHMeCHOH Mo;i,ejiH, 

TO B KanecTBe npH6jiH>KeHHoro cojibBepa bosmojkho HOHbiTaxbca HcnojibsoBaxb Kaxoe- 
jihGo jioKajiBHoe npnGjiHacenHoe pemeHHe fl^jis o;i,HOHacTHHHOH cJ)yHKn;HH Fpnna hcxo;i,hoh 
pemexoHHOH mo^cjih. 

Hccjie;];oBaHHio neKoxopbix npnGjiH^KenHH xaxoro xnna [5HTU] h nocB3iii;eHa ^^annaa 
pa6oxa. fl,^^ oGMennoH Mo^ejiH LQyGHna— Bohcobckofo h mo^cjih Xa66ap^a bbibo- 
flaxcs caMocorjiacoBaHHbie ypaBHenHsi ^jia o^HOHacxHHHoii 4)yHKi];HH Fpana b npe^cxaB- 
jieHHH MHorosjieKxpoHHbix onepaxopoB mcxo^om pacii;enjieHH3 ii;enoHKH ypaBHeHHii ^bh- 
jKeHHs. 06cy>K^aexc5i o6iri;a5i cxpyxxypa oflHoyaejitHbix npnGjiH^KeHHii b paccMaxpHBa- 
eMbix MHoro3jieKxpoHHL.ix Mo^ejieli c ynexoM BOSMOJKHoro saMopoaceHHoro Gecnopa^Ka 
xnna saMemeHHJi h hx cbssb c npnGjiHJKeHHeM DMFT, a xaxjKe c HSBecxHbiM b xeopHH 
HeynopaflOHeHHbix chcxcm npnGjiHJKeHHeM KorepenxHoro noxeni^Hajia (HKH, CPA). J^a- 
jiee npHBO^HXCH flfiTajihHas Kapxana 3bojiioij,hh sjieKxpoHHoro cneKxpa npn HSMeneHKH 
saxpaBOHHbix napanexpoB MOflfijin (KOHcxanxbi cbhsh, KOHn;eHxpaii;HH HocHxejiefl xoxa). 
06cy>K;i,aexca BjiHHHne pasjiHiHbix 4)aKxopoB (koh^^obckoc pacceaHHe, coGcxBennaa ^h- 
HaMHKa no;i,cHcxeMt>i jioKajiHSOBaHHBix MOMCHxoB, saxyxaHHe) na (|)opMy hjioxhocxh co- 

CX03HHH CHCXeMBI. 
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2 raMHjibTOHHaHbi MO/],ejieH h ypaBHGHHa ^BuyKennii 

/],Jia 0/],HaHaCTHHHOH 4)yHKLI,HH FpHHa 

B MHorosjieKTpoHHOM npe^cxaBjieHHH o6o6in;eHHi>ix npoeKii;HOHHt.ix onepaxopoB Xa66ap- 



x: 



a/3 



\ia){i(3\. 



(1) 



o;];HOHacTHHHt.iH onepaTop pojK^^eHHH sjiexTpona na ysjie « co cnHHOM a sanncbiBaeTca 
KaK 



a 



Xf + aXt 



2-cr 



(2) 



B 3TOM npe;];cTaBjieHHH raMHjibxoHHaH BsanMo^^eficTBHa ;i,HaroHajieH h mo^cjib Xa66ap;];a 

HMeeT BH^ 

k,cr i 

r^e — (|)ypbe-o6pa3 onepaTopa Xa66ap;];a, tk ^ o;i,HOHacTHHHbiH saKOH jxncnepcw, 
U — KyjioHOBCKoe oxTajiKHBaHHe na ysjie. JXns s-d oGMeHHoli Mo^ejiH IIIy6HHa — Bohcob- 
CKoro raMHjiBTOHHaH B MHorosjieKTpoHHOM npe^cTaBjieHHH HMeeT noxoacyio cxpyKxypy 



irit ) 



(4) 



k,(T 



(5) 



fi=-S- 



rfle BBeflCHo MHorosjiexTpoHHoe npe^cxaBjieHHe jiJifL o;],HOHacTHHHbix onepaTopoB poac^^e- 

HH3 H yHHHTOJKeHHSI 



J la 



(^9 



E 

5 



^ + (tM + 1 
2S+1 



^Af+(T/2,+; M,0 . 
A. + 



S + aM\^ M,2; M-ct/2- 



S-aM 
2S+1 



X, 



M+(t/2,-; A/,0 



+ 



25+1 

5 - (XM + 1 \ 5 
25+1 



X 



M,2; M-cr/2,+ 



(6) 
(7) 

(8) 



M=-S 

S^ecb J — KOHcxaHxa s-d o6MeHHoro BsaHMo^eitcTBHa, S — BejiHHHHa jioKajinaoBaHHoro 
cnHHa. OxMeTHM, hto CTpyKxypti MHorosjieKxpoHHbix npe^cxaBjieHHli ^jia o^HosjieK- 
xpoHHBix onepaxopoB pojK^eHHa h yHnnxoaceHHa ^jia Mo^ejiH Xa66ap^a h s-c? o6MeHHofi 
MOflejiH aHajiorHHHbi. B ^aHHOM cjiynae X-onepaxop ([T]) HMeex bh^ 



X, 



M+(7/2,a;M 



\iM + a/2,a){iMl 



rfle |iM) — cocxoaHHe Ges sjiexxpoHOB npoBo;];HMocxH h c npoeKi^Hefi jioKajinaoBaHHoro 
cnHHa M, H |m, a) — o^HOKpaxHo aanaxoe cocxosiHHe c nojiHtiM cnHHOM na ysjie S + a/2 
H ero npoeKi^Heli m (Koxoptie ocxaroxca npn |/| — )• aoo), a — npoeKn;H5i cnHHa. 

^jiH BbiHHCjieHHe o^HOHacxHHHoii HjToxHocxH cocxoaHHH paccMoxpHM saHas^biBaio- 
myio aHXHKOMMyxaxopHyio (|)yHKn;Hio Fpnna 



Gk.(E) = ((ck.|cL))£;, lm^>0 



(9) 
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H njioTHocTH o^HOHacTHHHbix cocTOHHHH (Density of State, DOS) HMeeM cxaHflapTHoe 
BbipaaceHHe 

N^{E) = --lmS2GuaiE + iO). (10) 

k 

JJ,jis BbiHHCJieHHH G]icr{E) cTpoHTCH n;enoHKa ypaBHeHHH ^BHJKeHHa 

E{{A\cl))^ = {[A,clU) + {{[A-hUJe (11) 
^jia napij,HajibHL.ix 4)yHKij,Hfi FpHHa b MHorosjieKxpoHHOM npe;];cTaBjieHHH 

GUE) = {{X'^'-IcIJe + ^{{X^^'IcIJe, ImE > (12) 
fljia Mo^ejiH Xa66ap;];a, h 

GUE) = {{ha\cU^ + a{{g^^\cl))^, ImE > (13) 

^jiH s-c? oGMeHHOH Mo^ejiH cooTBexcTBeHHo. ^JiH nojiyneHHa sbkbix BbipajKeHHH ^jia 
(|)yHKn,HH FpHHa xpeGyexca Bbipaanxb 4)yHKii;HH FpHHa bbichihx nopa^KOB nepes cJ^yHK- 
h;hh HHsmero Hopa^Ka, hxo o6l.ihho ^ejiaexca c homoh^bio xoii hjth hhoh HpoH,e^ypBi 
pacH;eHjieHHH H,eHOHKH ypaBHenna ^BHJKeHHa. 



3 npoii,e/],ypa pacij,enjieHH5i h HecaMOCorjiacoBaHHbie 
Bbipa:»ceHH5i ^jia (J)yHKLi;HH FpHHa 

P,jis HOJiyneHHH ypaBHeHHH na oHpe^^ejienne (|)yHKH,HH Fpnna n;eHOHKa ypaBHeHHH flfin- 
jKeHHa BBiHHCbiBajiacb ;i,o Bxoporo Hopa^Ka ho (|)jiyKxyaH;HaM Gose-nojieii (cHHHOBoro h 
3apa;];oBoro) h fl^ajiee, Hocjie HpoBe^eHHa Hpon;eflypbi cHMMexpH3an;HH neoGxoflHMOH 3fl,ech 
fljiH 3BHoro ynexa HacxHHHo-;];t.ipoHHOH cHMMexpHH, pacn;eHji5ijiacb b 3xom nopa^xe (hxo 
rpy6o cooxBexcxByex nepBOMy Hopa^xy b pasjioacenHH ho o6paxHOMy Koop;];HHaH,HOHHO- 
My HHCJiy 1/z). OxMexHM, hxo HOjiyneHHtie xaxHM o6pa30M HpnGjiH^Kenna ^jih (|)yHKn;HH 
FpHHa, Boo6n];e roBopa, ne Hocax jioKajibHoro xapaKxepa h ne onpe^ejiaiox (|)yHKn;Hio 
FpHHa caMocorjiacoBaHHbiM oGpaaoM. 

IIpH HOJioBHHHOM saHOJiHeHHH oflHOHacxHHHaa c|)yHKH;H5i FpHHa B Mo^ejiH Xa66apfla 
Moacex 6l.ixb saHHcana b jioKaxopnoM Hpe^cxaBjiennn [S]. 

G^^{E) = [Fk.(E) - t^]-\ F^^{E) = (14) 
r^e Fkff — oGpaxHbiH jioxaxop, Koxopt>iH ne saBHCHx ox KBasHHMHyjibca b jioKajibHbix npn- 

GjIHJKeHHHX, 

aUE) = l + ;^EWqG2(E) + — J]VqG;(E), (15) 

q q 

bUE) = F\E) + ^Y.^ln^^l^E). (16) 

q 

OyHKn;Ha Fpnna b npnGjin^Kennn «Xa66ap;i,-I» [Ij ecxt 

Gl{E) = [F\E)-t^]-\ F\E) = E-^, 
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a (J)yHKii;H5i F (E) ecTh cooTBexcTByiomHH oGpaTHbift jioKaTop. 

Otmcthm, hto 4)epMHeBCKHe (|)yHKii;HH riqa- = (clj^Cqcr) B BbipaJKeHHH oGpaxHoro 
jioKaxopa cooTBexcTByioT ynexy BKjia;];oB KOH;i,oBCKoro xHnaM (MHorosjieKTpoHHx npon;ec- 
coB paccejiHHa). 

JXjir s-d o6MeHHOH Mo^ejiH B KBasHKjiaccHHecKOM npe^ejie 5 — ?■ oo, IS — )■ const mojkho 
noyHHTt. pH^ aHajiorHHHBix ypaBHeHHfi |10] . Sanaa^biBaiomaa oflHonacTHHHaa (|)yHKn;Ha 
FpHHa B HecaMocorjiacoBaHHOM cjiynae HMeex bh^ ( 1T^ , r^e nyjKHo no^cxaBHTB o6paTHL.iii 
jioKaxop B npnGjiHJKeHHH <cXa66ap^-I» 

h{E) = y{E) = E-^-^ (17) 

H nOJIOJKHTB 

2 



Xq = (SqtotS-qtot) — HOJIHaH MarHHTHaa BOCnpHHMHHBOCTb. B (JiOpMyjiaX f ll7p . f llSP OT- 

cyTCTByioT BKjia.j\i,i c (|)epMHeBCKHMH (|)yHKii,H3MH, TaK KaK B KBasHKjiaccHHecKOM cjiynae 
OHH (|)opMajibHO Majibi no 1/S. 0;i,naKO, ecjin npeBbicnxt. Tonnocxb, onn Moryx Gbitb 
BoccxanoBjienbi, nxo npHBe;i,ex k cxpyKxype, anajiornnnon xaKOBon f\jiii Moj\ejm Xa66ap- 

Aa (USD H (dSD. 

J\jiiL Mojxeji'R Xa66ap;];a c U = oo, ncnojibsya anxnnepecxanoBonnocxb (|)epMHeB- 
CKHX onepaxopoB n o6o3nanaa = — t^, nojiynnM raMnjit-xonnan b npe^^cxaBjiennn 
X-onepaxopoB 

k,cr 

/^ajiee mbi ^yj^em BtinncjiaxB o^nonacxnnnyio (|)yHKu;Hio FpHna b Mnoro3JieKxponnoM 
npe^cxaBjiennn 

Gk.(S) = ((Xf luiE > 0, 

pemaa n,enonKy ypaBnennn flBH^Kenns. npH6jiH}«eHHe xnna «Xa66apfl-I», ^aex 

GliE) = [F°(E) - e^]-\ F°(E) = (19) 

riQ + ria 

r^e F^{E) — oGpaxnbin jioxaxop n ^ko- = ^k('T-o + ^o-) — sneprexnnecKnn cneKxp b sxom 
npnGjinacennn, Ua = {Xf"") — nncjia sanojinenna jxbv^oK n o;],noKpaxno sanojinennbix 

C0CX05IHHH (a = 0, 0"), 

— nonepennaa Koppeji3u;HOHHa5i (J)yHKu;H3 cnnHOBbix onepaxopoB, 

— npoflojibnaa Koppejiau;HOHna3 4)ynKn;H3 cnnHOBbix 4)jiyKxyan;HH, 

nk. = (X°-kXf ) = Im y GUE)f{E) dE, (20) 

— oo 

— o^nonacxnnnaa 4)ynKn;Ha pacnpe^ejienna, Koxopaa naxo^nxca ns cneKxpajibnoro npe^- 
cxaBjienna. 
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ripH pacij,enjieHHH ii,enoHKH ypaBHeHHa ^BHJKeHHH bo BxopoM nopa^Ke no (|)jiyKTya- 
ii;h5im X-onepaTopoB (|)yHKii;H5i FpHHa b jioKaxopHott 4)opMe HMeex bujj, 

G^.{E) = [F^^{E) - e^]-\ F^^{E) = (21) 



rfle 



qo- 



+ ' (22) 



6k.(i?) = ^ + E^tq/^^5^- (23) 

q -Cz-Sk-q-a 

J\jiii s-d o6MeHHOH Mo^ejiH MOJKHo nojiyHHTt. aHajiorHHHbie BbipajKeHHH. S^ect. mbi 
irpw,ej\eM tojibko Bt.ipa>KeHH3 ^jia jioKaxopa o;i,HOHacTHHHOH (|)yHKij,HH FpHHa fljia nacx- 
Horo cjiynaa I — )■ ±cx3. Bmccto BBe^ennbix Bt>ime onepaxopoB ([7]) h (jH]) b stom cjiynae 
HMeeM 

aU = $^{(5 + aM+l)/(25+l)}i/^X,(M+|,+;M), 

M 

gl- = J2^{iS - aM)/i2S + l)r/'X,{M +^,-,M), 

M 

Torfla raMHjiBTOHHaH npHoGpexaex bh^ 

"H = ^ tkgl^^Qkaa + "Hd, a = sign /. (24) 

kcr 

OyHKn;Ha Fpnna mojkct Gbitb sanncana b bh^c 

Gk.a(i5) = {{g,..a\9ljE = [F^.a{E) - t^]-\ F^^^{E) = (25) 

BbipaJKenne ;],Ji3 necaMocorjiacoBannoro jioKaxopa HMeeT Ty ace (|)opMy, nxo n b mo^^cjih 
Xa66ap^a, no Bejinnnnbi a]^^a{E) n bif_„a{E) sanncBiBaioTca KaK (cp. jS]) 



q 

2 



xr'' + (2S + l)nk-q-.« , X" 



+ 



(26) 



^k—q— era E ^k— qcra 

6k™(£;) = ^-EJxTr^^r^' (27) 



25 + 1 — tk-q-cra 

q ^ 



r^e 



, _p, p _ g + 1/2 + Q(T(gt"ot) - an/2 

''kcro ^cra^]ii -'era 2»S'-|-1 ' 2' 



— nonepennaa Koppejian;HonHaa (|)ynKn;Ha cnnnoBbix onepaxopoB, ^ npo^ojib- 
naa Koppeji5in,HOHnaa (J)ynKn,Ha cnnnoBbix onepaxopoB, nko-o — oflnonacTnnnaa (|)ynKn,Ha 
pacnpeflejienna 

Xq ~ ('S'tot-q'S'totq)) Xq ~ (•^'tot-q'^'totq) 5 ^kaa = (fi'kcraS'ko-a) • 
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3flecb 5*^^, S^^^ — onepaTopt.1 nojiHoro cnnna (BKjiioHaH BKjia^bi nycTbix h o^HOKpaxHo 
sanaxbix cocToaHHil (cm. |10])): 

AI=-S 
S 



+ J2 \/{S + aM+l){S-aM)X^''^'^% 



M=-S 
S 



M;M 



M= 



M=-S 



npHHeM (S't^ot) — nojiHaa cpeflfiss HaMamHHeHHocTb. 

Otmcthm, hto b npnGjiHJKeHHH «Xa66ap;];-I» ^jih s-c? o6MeHHOH Mo^ejiH ?7,ko-Q = 

Paafitkaa), f (E) — ^JKKma OcpMH. Bbo;];3 



era 



nojiynaeM 



akaal-f^J - r'^a + (25" + 1)2 P <-^k-q-f7al-C'J + 



q 

,zz 



+ E74tT^I^G»_„„(B), (29) 



(25 + l)2p,, '^-'1'^"^ 

''k-q '^k-c 

25 + 1 P_ 



q 

YpaBHeHHe ^jia HaxojKfleHHa xHMHHecKoro noTeni^Hajia 

k 

nosBOJiacT npn sa^aHHofl KOHij,eHTpaiJ,HH onpe;i,eji5iTt> SHeprnio OepMH HOCHxejiefl xoKa. 

MejK^y Mo^ejibio Xa66ap;];a c [/ = oo h s-d Mo^ejiBio npn S' = l/2,/ = — cxd HMeeTca 
CB33t.. /I,Ji3 SToro cjiyHas aBHbie BL.ipa>KeHH3 onepaTopoB g\^_ hmciot bh^ 

^7l- = ^^.(o,-;-|) (31) 



HoflCTaBjiaH sth Bt.ipa>KeHHH b raMHjiBxoHHaH ( 12^ nojiynaeM 

= ^ E ^k^k(0, -; -|)X_k(-|; 0, -) (32) 

kcr 

Oxcio^a BH^Ho, HTo npH saMenax 

^k/2 — )■ tk, 2nk — ^ '^k, TT. — (5 (33) 

[8 — KOHii;eHTpan;H5i «;];t.ipoK»), Bt.ipa>KeHH3 (12^ h fl30p ^jia npnGjiH^KeHHoii (|)yHKii,HH 
FpHHa B Mo;];ejiH nepexo^JiT b Bt.ipa>KeHHH Mo^ejiH Xa66ap;];a. IlosTOMy pesyjit.- 
Taxbi ^jiH Mo^ejiH Xa66ap^a 6y^yT coBna^axt c xaKOBtiMH ^jih s-d Mo^ejiH c s = 1/2 h 
/ = — oo H B flajiBHeiimeM mbi MoaceM oGcyac^axb pesyjitxaTBi tojibko ^jia s-d Mo^ejiH. 
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4 06iii,a5i CTpyKTypa o/],Hoy3ejit.Hbix npH6jiH:»ceHHH h 
CBasb c DMFT 



BbiacHHM Tenepb o6iri;yio cxpyKxypy o^HoyaejibHbix npnGjiHaceHHii ^jih o6cy>K^aeMt.ix mo- 
fl^ejiea. Toro, hto6l.i ycTanoBHTb (cKopee, no^HepKHyxb) CBSsh o^HoyaejibHbix npn- 
6jiH>KeHHH c npHGjiHJKeHHeM KorepeHTHoro noTeHn;Hajia, ml.i BBe^eM b raMnjiBTOHHaHti 
MOflejiH Xa66apfla h s-d o6MeHHOH Mo^ejiH o^HOHacTHHHbill noTeHii,Haji paccesHHa, onn- 
CBiBaiomHii GecnopsflOK 

i/dis = X;^4<xC^. (34) 

rfle — cjiyHafiHaa nepeMeHHaa na ysjie i c neKOTopbiM pacnpe^ejieHneM -P(^i), KOTopaa 
Mo^ejiHpyex ^HaroHajibHbiH saMopojKeHHBiH 6ecnopa^oK XHna saMemenna. 

Me>K3jieKTpoHHoe BsaHMO^eilcTBHe b Mo^ejiH Xa66ap^a h b s-f o6MeHHoii Mo^ejiH ho- 
CHT jioKajiBHbiii xapaKxep, t. e. /i;HaroHajibHo b yaejiBHOM npe^cTaBjieHHH. 06o3HaHHM sto 
BsaHMOflettcTBHe Hi [0] . BocnojibsoBaBniHCb paccyjKfleHHeM |14] , mojkho nocxpoHTb cHcxe- 
My caMocorjiacoBHHbix ypaBHeHHfl fl^jis 3ana3;i,t.iBaioiri;eH (TaGjiHKOBCKofi) hjih Man;y6apoB- 

CKOH 4)yHKIJ,HH FpHHa B O^^HOysejIBHOM npH6jIH>KeHHH JIJIS Co6cTBeHHO-3HepreTHHeCKOH 
HaCTH. 

YpaBHeHHe /^attcoHa fl^jis o^^HOHacTHHHofi (|)yHKi],HH FpHHa ^jia mo^cjih Xa66apfla h 
s-f oGMeHHOH Mo^ejiH HMeex bh^ 

G.,{z) = G° (^) + Y,Gl{z)^iU^)GrnAz) (35) 

Im 

Tjie T,im{z) — HOJiHaa coGcTBeHHo-SHeprexHHecKaa nacxb. O^^HoysejibHoe HpnGjinxceHHe 
saKjiioHaeTca b annpoKCHMaii;HH S/^ — ^ S^im ysejiBHo-^^HaroHajiBHofi BejiHHHHofl. Torjia 

G,,{z) = G%{z) + Y.Gl{z)nz)G,,{z) (36) 

H S Haxo;];HTC3 H3 ycjioBHH coBna;];eHH3 ^^HaronajibHoro sjieMenxa 4)yHKn;HH FpHHa Gii{z) 
c ^HaroHajiBHbiM sjieMCHTOM (|)yHKH;HH FpHHa 34)(|)eKTHBHOH HpHMecHoii 3a.j\SHM Ha ysjie 
npHMecH. 3Ta 3(|)(|)eKTHBHa3 npHMecHaa sa^^ana Hpe^^cxaBjiaex coGoii sa^any o ^BHJKeHHH 
sjieKxpoHOB Ha pemexKe, b Koxopofi na Bcex ysjiax, KpoMe i-xoro, ;];eHcxByex caMocorjia- 
coBaHHoe Hojie S, a na z-xom ysjie /i,eHCXByex MHoroHacxHHHBifi jioKajibHbiH HoxeHn,Haji 
pacceHHHa. 

J\ajiee Bes^e ^jia npocxoxbi HojiaraeM Bce ysjiti hcxo^hoh pemexKH MarnnxHo 3KBHBa- 
jieHXHbiMH, X. e. paccMaxpHBaeM xojibko napaMarnnxHoe hjih cJ^eppoMarnnxHoe cocxoHHHe. 

CncxeMa ypaBHeHHH ^jia cJ)yHKH;HH Fpnna b o^HoysejibHOM HpnGjiHJKeHHH HMeex cjie- 
flyioHtyio cxpyKxypy. Ha (15^ ^jia G{z) HOJiynaeM HpeflcxaBjienne 

H flJI3 3(|)(|)eKXHBHOH HpHMeCHOH 3a;i,aHH 

G^'^mz) = Gf{z) + Gf{z)Vt''U{z)G^^^U{z) (38) 

OxMexHM, Hxo 3XO ypaBHeHHe Moacex Gbixb HHxepnpexHpoBaHO Kax ypaBnenne JXaAco- 
Ha ^jiH O-MepHoii cHcxeMbi, b KoxopoH HMeexca Bcero o^hh yseji, r^e npoHcxo^Hx ^BHJKe- 

HHe 4>epMHOHOB CO CBoGoflHBIM HpOHaxaXOpOM Gq\z) H C MHOrOHaCXHHHBIM JIOKajIBHbIM 
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(39) 



JJp CHx nop cHHTaBineecs npoHSBOJibHbiM sHaneHHe coGcTBeHHo-SHepreTHHecKoii nacxH 
^{z) (jDHKCHpyexcji ycjioBHeM caMocorjiacoBaHHH 



Sflect. npocTOTbi sanncH mbi ne BbinncBiBaeM aaBHCHMOcxb OyHKi^nfl FpHHa ox cnn- 
HOBbix HH^eKcoB, HO sBHo yxasaHa BosMOJKHaa saBHCHMocTb OT cjiynaHHOH nepeMeHHOH 
^, T.e. Mbi BKjiioHHjiH ^HaroHajiBHBiH saMopojKeHHbiH Gecnopa^oK THna 3aMein;eHH3. B 
npHHi];Hne mojkho npoBecxH aHajiorHHHoe paccyjK^eHHe h ^jia cjiynaa, Kor^a HH^eKC i 
HyMepyex sKBHBajieHTHBie Kjiacxepbi b pemexKe h npniixH k KjiacxepnoMy o6o6in;eHHio 
cxeMbi [13]. CxpyKxypa nojiynaromnxcii ypaBHenHH b sxom cjiynae anajiornHHa npHBe- 
fleHHOH Bbime c saMenofi cKajiapoB na MaxpHn;t.i xaM, r^e 3xo neoGxoflHMo. 

B 3XHX ypaBHeHHHx G{z) — o^HOHacxHHHaa ajieKxpoHHaa cJ)yHKi];H5i FpHna b o^ho- 
ysejiBHOM npnGjiHJKeHHH b cneKxpajibHOM npe;];cxaBjieHHH jiJis pemexoHHofl sajxann b paM- 
Kax paccMaxpHBaeMbix Mo^^ejiefi, z oGosnanaex KOMnjieKcnyio sHeprnio, G*^*-* [^j] (z) — o^ho- 
HacxHHHaa sjieKxponnaa (|)yHKii;H5i FpHHa ysjia i b pemexxe c jioKajibHbiM Mo^ejibHo 
saBHCHMbiM BsaHMOfleiicxBHeM Hi[C,] Ha sxom ysjie h 0Hpe;];eji5ieMt.iM caMocorjiacoBaHHo 
HOjieM Ti{z) Ha Bcex ocxajitHbix ysjiax pemexKH, a Gq\z) — o^HonacxHHHaa sjieKxpoH- 
Haa cJ)yHKn;H5i Fpnna na ysjie i cHcxeMti ajiexxpoHOB na pemexxe BsaHMo^eiicxByiomHx 
c (o;];HOHacxHHHL.iM) HojicM S(z), BRjHOHCHHOM Ha Bcex ysjiax pemexKH, KpoMe z-xoro. 
l^^'^[^i](z) aBjiaexca coGcxBeHHO-SHeprexHHecKOH nacxBio cooxBexcxByron^efl BsaHMO^efi- 
cxBHio Hi[C,] Ha ysjie i b pemexxe c caMocorjiacoBaHHbiM HOJieM S(z) na ocxajibHbix ys- 
jiax. ^f'^[^j](2;) OHpe^ejiaexca xojibko BsaHMo^eiicxBHeM Hi[^] h j^jiii cjiynaa jioKajibHoro 
MHorosjieKxpoHHoro BsaHMO^^eflcxBHa h ;];o6aBjieHHoro ;];HaroHajit.Horo saMopoaceHHoro 
6ecHopa^Ka xnna saMenieHHa HMeex cjie^yromnii o6n];HH bh^ 



r^e — cjiyHaHHbiH HoxeHH;Haji pacceaHHH na ysjie i, a neKoxopbiH mo^cjibho sa- 

BHCHMblH JIOKajIBHBIH O^HOySejIBHBIH (|)yHKH;HOHajI Q COOXBeXCXByiOmHH XOHHOMy HJIH, Ha 

npaKXHKe, HpnGjinaceHHOMy pemeHHio o^^hohphmcchoh 3a;i,aHH 6e3 GecHopa^^Ka h c Bsan- 
Mo^elicxBHeM Hi[0] na i-xoM ysjie. Sflect fljiH npocxoxbi mbi OHycxHjiH HBHyio aaBHCHMOcxb 
(|)yHKn;HOHajia Tji[g] ox (|)yHKn;HH Fpnna no^cncxeMBi jioKajitHbix Marnnxnijix momchxob 
fljia cjiynaa s-f oGMennoii Mo^ejin. BnponeM, ynex 3xoro o6cxo5ixejibcxBa necyn^ecxBen 
^jiH namnx paccyjK^ennn. 

OxMexHM, Hxo ecjin mbi BbiKjiionnM Mnoronacxnnnoe BsanMo^encxBne b cncxeMe n 
ocxaBHM xojiBKO 6ecHop5i^oK, xo BBinncannaH cncxeMa ypaBnennn BMecxe c ypaBnenneM 
caMocorjiacoBanna npe;i,cxaBji3ex coGon xopomo nsBecxnoe b xeopnn neynop3;],onennt.ix 
cncxeM o^noysejibnoe npnGjinacenne Korepenxnoro noxenn;najia (FEKFI, CPA). 

JJ,Jis ycxanoBjienna cbhsh c pemexonnbiMn npn6jin>KennaMn, o Koxopbix mbi roBopnM 
B cjie^yionieM paa^^ejie, saMexnM, nxo fl^Jis ncxo^^noii pemexonnoii 3a;i,anH xonnoe njin, nxo 
na npaKxnKe cjiynaexca nan^e, npnGjinacennoe pemenne fl^Jis o^^nonacxnnnon sjieKxpon- 
noH (|)ynKn,Hn Fpnna onpe^ejiaexca ypaBnenneM JXamcona c coGcxBenno-sneprexnnecKoii 
nacxBK) ^ij{z) = T,ij[Gki], r^e T,ij[gki] (|)ynKn;nonaji onpe^ejiaeMtin xojibko bh^om Bsan- 
MOflencxBHS b cooxBexcxByron^eit pemexonnon MOfl^ejin. FIpe^cxaBnM Sjj [g^i] b Bn^e 




(40) 




(41) 



(42) 
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3flecb — jioKajibHbiH o;i,Hoy3ejit.HbiH 4)yHKii;HOHaji, Bbi^ejienHbifi hs nojiHoro nejio- 

KajibHoro 4)yHKii;HOHajia T,ij[gki]. TaKHM oGpasoM, snaa xoHHoe hjih, hto BajKHee, npn- 
GjiHJKeHHoe BbipajKeHHe ^jia Ilij[gki] HcxoflHott pemexoHHoii aa^anH c jioKajibHbiM mho- 
rosjieKTpoHHbiM BsaHMO^eiicTBHeM 6e3 Gecnopa^Ka h Bbi^ejiaa cooTBexcTByiomyio o^ho- 
ysejiBHyio nacxb, mbi MoaceM nojiyHHTt o^HoysejibHoe npnGjinaceHHe jiJis o^^HOHacTHHHofi 
sjieKxpoHHOH (|)yHKii,HH FpHHa c yneTOM 6ecnop3flKa h tcm caMbiM sjieKTpoHHbifl cnexxp 
fl^jis SToro cjiynaa. 

^jia Toro, HToGbi npo^^eMOHCTpHpoBaxb cbssb BbinHcaHHofi CHCTeMbi ypaBHeHHHH 
( I37p — (HTj) c coBpeMeHHbiM no^xo;];oM DMFT, saMCTHM, hto ypaBHenne fl55|) HBjiaeTCH 
ypaBHeHHCM /],aHCOHa ^Jia scjicjieKTHBHoro ^eiicTBHH CHCxeMBi sjieKxpoHOB na o^hom ysjie 
B caMocorjiacoBaHHOM 34)(|)eKTHBHOM nojie, onpe^ejiaeMOM o^HOHacxHHHoii sjieKxpoHHoii 
4)yHKn;HeH FpHHa G^\z) h jioKajitHtiM MHoro3jieKTpoHHt.iM BsaHMOflettcTBHeM Hi[C,], ko- 
Topoe OHpe^ejiHex V^'^^[Ci](^) (cm. ypaBHenns fl38p . (l4ip ). Hmchho xaKoe fleltcTBHe boshh- 
Kaex B DMFT. Tor^a, bbo^s oGpaxHyio c|)yHKH;Hio k npeoGpaaoBaHHio FHjitGepTa 



B KOTopoM jierKO ysHaeM ypaBHenne caMocorjiacoBaHHH DMFT b tom Bnp^e, b KOTopoM oho 

BOSHHKaeX B 3TOH TCOpHH (mBI TaKJKe SBHO BblHHCajIH SaBHCHMOCTL. OT XHMHOTeHH;Hajia) . 

TaKHM o6pa30M, ncxo^^naa cncxeMa ypaBHeHHfi o^HoysejibHoro npnGjinxceHHa (P7j) — (l^Tj) 
SKBHBajieHTHa cHCTCMe f l55]) , fl4ip , f H5]) h . Hocjie^^HaH cHcxeMa ypaBHeHHii h HBjiaeTca 
CHCxeMOH caMocorjiacoBaHHBix ypaBHeHHii DMFT; hmchho b xaKOM BH^e ona h BOSHHKaex 
B 3TOH xeopHH. 3to HosBojiacT oxapaKTcpHsoBaTB MCTOfl DMFT KaK oGoGmeHHe npnGjiH- 
jKeHHH KorepeHTHoro HOTeHH;Hajia na cHcxeMbi c MHorosjieKxpoHHbiM BsaHMo^encxBHeM 
HJIH KaK MHoroHacTHHHoe FEKH; b oxcyxcTBHe MHorosjieKxpoHHoro BsaHMO^encxBHa cn- 
cxeMa ypaBHeHHH (138 p . (141 p . h (jUj) npe^cxaBjiaex co6oh cjaopMyjinpoBKy FEKH b 
(|)opMe HpnGjinxceHHa DMFT. PemeHHe ace chcxcml.! (137|) — (HTj) c neKoxopbiM npnGjinace- 
HHeM fl^jis V^^[C,i]{z) ecTh o^HOBpeMeHHo pemeHHe sKBHBajieHXHofl sa^^ann DMFT, npHHCM 

B XOM JKC CaMOM npHGjIHJKCHHH. 

Hs npHBe;];eHHoro o6cy>K;];eHHH xaKxce acHO, hxo pemexonHbie npnGjinaceHHa j^jis noji- 
Horo (|)yHKij,HOHajia Ejj [(7^;] mojkho HcnojibsoBaxb nocjie Bbi^ejicHHa o;i,Hoy3ejit.Ht.ix BKjia- 
flpB B KanecxBc cojibBepoB 34)4)eKXHBHOH HyjibMcpHOH sa^aHH DMFT. 

CncxcMy ypaBHeHHH (137|) — (HT]) mojkho npe^cxaBHxt b bh^c, o6l.ihhom ^jia HKH — 
Hepea oflHoyaejibHyro T-MaxpHn;y. /^Jia sxoro c noMon^bro ypaBHenna (139|) BbipasHM Gq ■* (2;) 
H no;];cxaBHM b ypaBHenne ( 138|) . Tor;];a nojiy^HM 




(43) 



H yHHXbiBaa (137|) h f HOj) . mojkho nepenncaxb ypaBHenne (139|) b bh^c 



G«(z)" = ^ + + (G«[e](^))^" -i?[(G»[e](^))^] 



(44) 



G»[e.](z) = G(^) + G{z) {Vt%]{z) - S(^)) G«[e.](^) 



(45) 



BBe;];eM ;];ajiee cxan;],apxnt.iM cooxnomenneM o^^noysejibnyio T-MaxpHn;y 




(46) 



xor^a t[z) HMeeM 3BHoe BbipaaceHHe 




(47) 
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H ypaBHCHHe (H5|) aanHmexcH b bh^c 

= G(^) + G{z)t{z)G{z) (48) 

YcpeflHsis no Gecnopa^Ky h ncnojitsya f l40p , nojiynaeM ycjioBHe caMocorjiacoBaHHa nepes 
T-MaTpHi];y 

= (49) 

B oTcyxcTBHe Gecnopa^Ka HMeeM oneBH^Hoe pemeHHe S(2;) = V^^'''[G(2;)]. TaKHM o6pa30M, 
ecjiH V^'''^[G'(z)] — (|)yHKij,HOHaji yjKHpHeHHoli jioKajitHofi 4)yHKn;HH FpHna, to pemeHHe 
HcxoflHOH pemexoHHOH Mo^ejiH, pemeHHe cHcxeMbi ^jia o^HoyaejitHoro HpnGjiHJKeHHa h 
pemeHHe 3(|)(|)eKTHBHOH sa^ann DMFT hojihoctbio coBna^aioT. HosTOMy npoBeflennoe 
paccMoxpeHHe MOJKex 6t.iTt. nojiesHo fljia o6cy>K^eHH5i xax H^eajibHbix cncxeM, xax h 
CHcxeM c 6ecnop3;];KOM. Bojiee xoro, ^jih xaxoro o6cy>K;];eHHH cncxeM c 6ecnopH;];KOM, 

KaK 3CHO H3 HOCXpOCHHa O^^HOySejIBHOrO npHGjIHJKeHHH, MOJKHO HCnOJIt>30BaXb JIOKajIBHOe 

caMocorjiacoBaHHoe HpnGjinaceHHe ^jia pemexonnoH sa^ann 6e3 6ecnopaflKa. 



5 CaMOCorjiacoBaHHbie ypaBHeHHa ^jia (J)yHKLi,HH FpH- 
na 

HecaMocorjiacoBaHHbie BbipajKeHHH b paccMaxpHBaeMtix HpnGjiHJKeHHsx 4)yHKn;HH Fpnna 
B Mo^ejiH Xa66ap^a h s-d oGmchhoh mo^cjih oGjia^aiox pa^oM ne^ocxaxKOB (b nacxHocxn, 
He HOSBOjiHiox KoppeKXHO OHHcaxb nepexo^ MexajiJi — naojiaxop). 

B pa6oxe [lOj 6l.ijih paccMoxpenbi h npoaHajiHSHpoBaHbi pa^ caMaocorjiacoBanHtix 
HpnGjiHJKeHHH B Mo^ejiH Xa66ap^a h KBasHKjiaccHHecKOH s-d oGmchhoh mo^^cjih xnna 
riKII (b HacxHocxH, pacn;enjieHHe «Xa66ap^-III») , a xaxace Gojiee npocxbie. 

^jia HOjiyneHHa caMocorjiacoBannoro npnGjiHacenHH b Bt.ipa>KeHHHX ^jia (|)yHKn;HH 
FpHHa (fT^ B Mo^ejiH Xa66ap;];a saMCHHM jioKaxopt.1 b npnGjinacenHH «Xa66ap;i,-I» na ca- 
MocorjiacoBaHHbie (cp. |8j), x. e. 

Gl{E)^G^{E). (50) 
J\jiiL S-d oGMeHHOH MOflejiH npHMeHHjiocb xpH pasHBix cxcMBi nojiyneHHa caMocorjia- 

COBaHHblX ypaBHeHHH J\Jlil ^JBKlXim FpHHa. 

npnGjiHJKeHHe (12^ . (13U]) s-d oGmchhoh mo^^cjih o6jia;];aex HenpHaxHbiM j\e^eK- 

XOM — HJIOXHOCXb C0CX05IHHH HMCCX OCo6eHHOCXH XHHa BaH XoBa HpH SHCprHSX, COOXBCX- 

cxByiom;Hx KpasiM sohbi b HpH6jiH>KeHHH «Xa66apfl-I> [9|[T5]. Hxo6t.i HsGaBHXBca ox sxoro 
HeflocxaxKa, mbi mojkcm caMocorjiacoBanno nepenopMHpoBaxt. mnpHHy sohbi 

B BBipajKeHHHx (|)yHKn;HH FpHHa (128|) h (|)yHKn;HH pacHpe^ejienna, Bxo^5im;Hx b Btipa- 
jKeHHH (126|) H (127|) (nepBaa cxena caMocorjiacoBanna). Bjiaroflapa axoii npon;eflype, Kpaa 
soHbi B pesojiBBCHxax coBna^aiox c KpaaMH ^jis (|)yHKii;HH Fpnna (125|) . 3xo npnGjiHJKeHHe 
coxpansex KBasH'iacxHHHyio KapxHHy, b oxjinnne ox npnGjiHacenHH «Xa66apfl-III» h ca- 
MocorjiacoBaHHbix npnGjinaceHHii, paccMaxpHBacMtix nnace, r^e nojiynaexca chjtbho hcko- 
repcHXHoe noBe^^enne. 

Bxopaa cxeMa caMocorjiacoBanna saxjiioHaexca b saMene b sHaMenaxejieH flpoGefl no- 
flHHxerpajiBHbix BbipajKeHHfl f l26|) h (127|) no npaBHjiy j9] 

(E) - a,.«(E)t,. (52) 
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B Tpexbefi, 6ojiee nocjie^^oBaxejibHofl cxeMe nocTpoeHHa caMocorjiacoBaHHoro npnGjiH- 
>KeHH5i (|)yHKn;HH FpHHa (125|) . Exo^^amne b Bt>ipa>KeHHa (129|) h f l30|) h cooTBexcTByiomHe 
npnGjiHJKeHHio ■cXa66ap;];-I», saMenaioTca caMocorjiacoBaHHbiMH BejiHHHHaMH (125 p . t. e. 

GJ^JE) ^ G^UE). (53) 

H coBna^aex co cxeMofi caMocorjiacoBaHHs f lSU]) . HcnojibsyeMofl naMH ^jia Mo^ejiH Xa6- 
6ap;];a. 

3^ecb ML.I, hto6l.i nojiyHHXb jioKajibHoe caMocorjiacoBaHHoe npH6jiH>KeHHe b nojiyneH- 
Hbix npoMejKyxoHHBix BBipaJKeHHJix (fTSj) H (fT6|) npoBe^eM saMeny HecaMocorjiacoBaHHoro 
jioKaxopa Ha tohhbih no cxeivie (150|) h npeHe6pe>KeM HMnyjibCHoii aaBHCHMocxbio cnHHo- 
BBix KoppejiHTopoB. Tor^a caMocorjiacoBaHnaH (|)yHKn;H5i FpHna b Mo^ejiH Xa66ap^a npn 
KOHeHHBix U H nojioBHHHOM sanojTHeHHH 30HB.I sanHuieTca KaK (cp. fll5p -f ll6p ) 

G^{E) = [F{E)-t^]-\ i^(^) = f||y, (54) 



r^e 



rr2 21/ 
A{E) = 1+ J2xt^G^(E) + — J2t^n^G^{E), (55) 



q q 



or/ 

S(i?) = F%E) + —Y,tln^G^{E). (56) 



q 



/^jia s-d o6MeHHOH MOflfiJin b cjiynae KOHennbix / npHMenajiacb BTopaa cxeMa caMO- 
corjiacoBaHHH (152|) . npe^jioaceHHaa b [10]. 3tot BapnaHx caMocorjiacoBaHna npHBo^HT k 
cjie^yiomeMy BtipajKeHHio ^jtji BejiHHHHBi A]f_{E) (cm. ([H 



S^ecb, KaK H B cjiynae ^jih Mo^ejin Xa66apfla, ^jih nojiyneHKH jioKajibHoro npnGjiHacenHJi 
ML.I npeneGperjiH saBHCHMOCTtio MarHHTHofl BocnpHHMHHBOcxH ox KBasHHMnyjiBca. 

HpHMeHeHHe cxeMbi caMocorjiacoBanHs Tnna «Xa66apfl-III» b KBasHKjiaccHHecKoii 
s-d oGMeHHOH Mo^ejiH ^aex peayjiBxax 

y{E) y{E)-\{E) 
^^^^ - <E) - 1 - X{E)/E ' 

m = nE) - (^f,Y.Gc,{E)^ (59) 

/^jis s-(i o6MeHHOH MOflejiH c |/| = oo npH HHCjienHbix pacnexax hjioxhocxh cocxoa- 
HHH npHMenajiHCb Bce xpn cxeMbi caMocorjiacoBaHHH (13T]) . (l52p h (135]) . o^naKO 3j\ech mbi 
npHBe;];eM (|)opMyjiL.i xojibko xpexbefl, Gojiee nocjie;];oBaxejiBHOH. Tor^a BBipaaceHHa 
fl29|) — (130|) B npeHe6pe>KeHHH KBasHHMnyjibCHofl saBHCHMOcxbio cnHHOBbix KoppejiaxopoB 
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npHoGpeTaioT bh^ 

_ tk-q X""" + (25 + l)nk 

q 



^aa[^) — ^aa + / , ,r,o ^ ^y, p tjk-q-aal-£^J + 

q 

(2S 



era 

f2 



= i^-E 2g + rpTf ^'---^-^ ^^^^ 

q 

Mbi He npHBo^HM aEHbix Bt.ipa>KeHHH ^jiH 3THX 4)yHKn,HH B cjiynae mo^cjih XaGGap^a c 
U = oo, nocKOJiBKy ohh Moryx Gbitb nojiyneHbi h3 sKBHBajieHTHocxH mo^cjih XaGGapfl^a c 
[/ = oo H oGMeHHofi Mo^ejiH c/ = — oohS' = 1/2c noMombio oGcy^K^aBiuHxcii panee 
saMCH f l33|) . 

OGmeH ocoGeHHocTBK) paccMOTpeHHbix npnGjiKxceHHii aBjiaexca hx (xBa- 
3H)jioKajit.HocTb B TOM cMbicjie, HTo Bce OHH HMcioT oGmylo cTpyKTypy oGpaxHoro 
jioKaTopa BH;i,a F{E) = F[G\oc{E)]{E) , t. e. oGpaTHbifl jioKaTop (|)yHKu;HOHajibHo 

SaBHCHT TOJIBKO OT JIOKajIBHOH (|)yHKH;HH FpHHa. 



6 PesyjibTaxbi h o6cy:»c/],eHHe 

npe^CTaBjieHHBie paccyjK^eHHJi Hpo^eMOHCxpHpoBaHBi na HOjiysjijiHHXHHecKOH saxpaBOH- 
Hoii HjioxHocxH C0CX05IHHH (pemexKa Bexe c 6ecKOHeHHL.iM Koop^HHan,HOHHbiM hhcjiom). 
PacHexBi xaKJKe hpobo^hjihcb h ^jih npoHHX Mo^ejitHbix h peajiHCXHHHbix 4)yHKn;HH hjiox- 
Hocxeii C0CX05IHHH |8ll9] c ocoGeHHocxHMH Ban XoBa (nocjie^HHe hphbo^hx k ^oHojiHHxejit- 

HOMy yCJIOJKHeHHK) KapXHHbl). 

6.1 Ilepexofl MexajiJi — Hsojiaxop 

B Mo;i,ejiH Xa66ap;i,a c hojiobhhhbim aanojineHHeM sohbi HMeex Mecxo nepexo^i; MexajiJi- 

H30JI3X0P npH U nopSJlKa niHpHHBI 30HbI W. CoOXBeXCXByiOIII,He KpHXHHeCKHe BejIHHHHbl 

KyjioHOBCKoro oxxajiKHBaHHH npHBe;];eHt.i b xa6jiHi];e [T] 

KpHXHHecKHe BejiHHHHBi B caMocorjiacoBaHHOM npnGjiHJKeHHH ( 15^ necKojiBKo hs- 
MeHsioxca no cpaBHeHHio c pesyjibxaxaMH b npnGjiHacenHH <«Xa66ap^-III», hxo oxpa- 
JKCHO B xa6ji. [U B oxjiHHHe ox peayjibxaxoB paGoxbi [17], r^e KpHXH^ecKas BejiHHHna 
yMeHbinaexca npn ynexe cJ)jiyKxyan;HH (flJiH pemexKH Bexe Uc/W = 0,67), paccMax- 
pHBaeMBiH s^ecb no^xo^ ^aex npoxHBonojiojKHbifi 3(|)cJ)eKx, hxo corjiacyexcH c pesyjit- 
xaxaMH BbiHHCjieHHH KBanxoBbiM Mexo;i,OM MoHxe-Kapjio npn KonenHbix xeMnepaxypax, 
Uc/W ~ 1 (cm. xa6ji. E]). AnajiHXHHecKoe BbipaaceHHe fl^jis Uc b <KjiHHeapH30BaHH0H» xeo- 
pHH ^HHaMHHecKoro cpe;i,Hero nojia [16 | fT8 | fT9] ^aex Gojibmne SHaneHHa, neu b npnGjin- 
jKeHHH «Xa66ap;];-III», 

f/L = Vs^yH = 6^^^ (62) 

rfle IJ,2 — BxopoH MOMenx saxpaBOHHofl hjioxhocxh cocxoanHfl, cp. [8|. 

CpaBHHBaa pesyjibxaxbi, npHBe;];eHHt.ie b xa6ji. [21 mojkho cxasaxb, hxo 3xo npnGjinace- 
HHe HecKOJiBKo saBbimaex KpHXHHecKyio BejiHHHHy Uc- 

y^ex 4)epMHeBCKHx BosGyjKfleHHfl (Koxopbiil ne 6t.iji npoBe^^en b pa6oxe |10] ) npHBo- 

JiaT K HSMeneHHIO BH;i,a HJIOXHOCXH COCXOaHHfi, B naCXHOCXn K BOSHHKHOBeHHIO HHKa B 
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Phc. 1: HjioTHOCTb cocToaHHH jiJiz nojiysjiJiHnTHHecKOH saxpaBOHHofl sohbi npn pasjiHH- 
HOH BejiHHHHe xa66ap^oBCKoro napanexpa b necaMocorjiacoBaHHOM npnGjiHJKeHHH. Ph- 
cyHOK (a) cooTBeTCTByioT npnGjiHJKeHHio (fT7|) — ( TTS]) . (6) — (fT^ — (fTBl) 



Ta6jiHn;a 1 : KpHXHHecKHe BejiHHHHBi KyjioHOBCKoro oTxajiKHBaHHH nepexo^a MexajiJi — hso- 
ji3Top pasjiHHHBix saxpaBOHHBix njioTHocTefl cocToaHHii B npnGjiHJKeHHH «Xa66apfl- 
III> (U^) P|[TU]. H3 <KjiHHeapH30BaHH0H» flHHaMHHecKoii TeopHH cpeflHero nojia {U^) |16| . 
a TaKJKe b nameM necaMocorjiacoBaHHOM (f/^^*") h caMocorjiacoBaHHOM (U^*^) npnGjin- 

JKCHHaX 





U^/W 


ut/w 






npaMoyrojibHaa 


1 


1,73 


0,99 


1,22 


nojiysjiJiHnTHHecKaa 


V3/2 = 0,866 


1,5 


0,87 


1,06 


rayccoBa 


V3/2 = 0,866 


1,5 


0,87 


1,06 


KBa^paTHaa 


0,866 


1,5 


0,87 


1,06 


n. K. 


0,707 


1,22 


0,76 


0,99 


O. U,. K. 


0,612 


1,06 


0,67 


0,92 
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-2-1012 -2-1012 
E E 



Phc. 2: HjioTHOCTb coctohhhh nojiysjiJiHnxHHecKOH saTpaBOHHofi sohm npn pasjiHHHoii 
BejiHHHHe xa66apflOBCKoro napaMeTpa b caMocorjiacoBaHHOM npnGjiHacenHH. PncyHOK (a) 
cooTBexcTByioT npHGjiHJKeHHio (157|) . {h) — (l55l) — (l56l) 
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Ta6jiHn;a 2: KpHTHHecKHe BejiHHHHM KyjioHOBCKoro oTxajiKHBaHHsi nepexo^a MexajiJi — 
H30JI3T0P pemeTKH Bexe (U^) h rnnepKyGHHecKOH pemeTKH c GojibniHMH d (U^) 
H3 paGoT pasjiHHHbix aBTopoB. HeKOTopbie noj^xofl^hi ^^aiox fl^Ba kphthhcckhx sHaneHHii 
t4i,2, cooTBeTCTByiomHx no3BjieHHio saTyxaHHH Ha noBepxHocTH OepMH (njioxofl MexajiJi) 
H mejiH (nepexo^i; b ^^HSjieKxpHHecKyio (J^asy) 



u.yw 








CcbijiKa 








1,202 




[20,21J 


QMC 






1,24 




m 


QMC 




1,685 








PT, QMC 


1,308 


1,591 


1,273 


1,662 


m 


MFT, IPX 






1,273 






QMC 


1,3 


1,64 






m 


MFT, QMC 




1,45 








PSCA 


1,25 








m 


QMC 


1,25 


1,47 


1,15 


1,45 


[^,30] 


DMFT, NRG, IPT 


1,195 


1,47 






131J 


NRG 


0,67 








m 


IHIII 



QMC — Quantum Monte Carlo Method, Keanmoeuu juemod Monme-KapAO, PT — 
Perturbation Theory, meopufi eo3Mym,enuu, IPT — Iterative Perturbation Theory, ume- 
pamuenasi meopusi 603Mym,eHuu, MFT — Mean Field Theory, meopun cpedneeo noAH, 
DMFT — Dynamical Mean Field Theory, duHaMunecKasi meopusi cpedneeo noAsi, PSCA — 
Projective Self- Consistent Approximation, npocKmuenoe caMocosAacoeauHoe npu6AUCHce- 
Hue, NRG — Numerical Renormalization Croup Method, Memod hucachhou penopMspyn- 
nu, IHIII — Improved Hubbard III Approximation, yAyumeHHoe npu6AUCHceHue ^Xa66apd- 
III». 
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ii,eHTe aoHbi (pnc. |2]). Ho cpaBHeHHio c npnGjinaceHHeM «Xa66ap;];-III» b paccMaTpHBae- 
MOM cjiynae saMexHo cymecxBOBaHHe nceBfloin;ejiH b6jih3h nepexofl,a MexajiJi— Hsojiaxop 
npH U < Uc- T& JKe caMaa oco6eHHocxt> Moacex Gbixb oxMenena b peayjibxaxax pa6o- 
xL>i |17] . Hs pHc. [Ubh^ho, hxo npn ynexe (|)epMHeBCKHx BosGyjK^^eHHfl nepexo^i; MexajiJi — 
H30JI5IXOP BosHHKaex flajKe B HecaMocorjiacoBaHHOM npnGjiHJKeHHH, xoxh b 3xom cjiynae 
ero onHcaHHe bh^hmo HCKoppeKXHO. 

TpexnHKOBaa cxpyxxypa hjioxhocxh cocxohhhh (cm. pnc. [1]) HMeexca npn Majibix U 
H pasMbiBaexca npn npnGjiHJKeHHH k nepexo^y MexajiJi — naojiaxop (n;eHxpajit.Ht.iH hhk 
cxaHOBHXCH niHpoKHM H no5iBji5iexc5i nceB^omejit) . /lexajiH KapxHHti nepexo^a MexajiJi — 
H30JI3X0P B HameM cjiynae oxjihhhbi ox KapxHHbi «jiHHeapH30BaHH0H» xeopHH ^HHaMH- 
HecKoro cpe^Hero nojiH, rj^e n;eHxpajit>Hi>iH KBasHHacxHHHbifi hhr nocxeneHHo cyacaexca 
H Hcnesaex npn f/ — )■ f/c — 0. BepoHXHo, sxo pasjiHHHe cBasano c nepeoii;eHKOH pojiH sa- 
xyxaHHH B HameM ueTOflfi. IIocjie^^oBaxejibHaH xpaxxoBxa saxyxaHHH HBjiHexcH xpy^^Hofi 
npoGjieMOH. MxoGbi oGohxh 3xy xpy;];Hocxb, Gojibiuhhcxbo BbiHHCjieHHH b cjiynae Gojib- 
niHX d BbinojiHsiexca npn KonenHbix xeMnepaxypax. Ba>KHO oxMexHxt., hto pasjiHHHbie 
BepcHH BBiHHCJieHHH B paMKax «jiHHeapH30BaHH0H» xeopHH flHHaMHHecKoro cpe^Hero no- 
jis ^aiox oxHacxH pasHtie KapxHHbi nepexo^a MexajiJi— naojiaxop. Oxmcxkm, hto pacnexbi 
MexoflOM MoHxe-Kapjio ne ^eMOHcxpHpyiox xeH^eni^Hio cJ)opMHpoBaHH5i nHKa b n;eHxpe 
30HL.I (cm., Hanp., [32j). 

6.2 s — d oGMGHHaa Mo^ejib c |/| = oo 

PeayjiBxaxbi HHCJiennbix pacnexoB o^HOHacxHHHoli hjioxhocxh cocxojihhh cHcxeMbi b neca- 
MocorjiacoBaHHOM npnGjiHacenHH npe^cxaBjienbi na pnc. [3l a pesyjibxaxbi ynexa caMoco- 
rjiacoBaHHH (15T]) h 053 p noKaaaHti na pnc. S] h |5] cooxBexcxBCHHo. 

npoflOJiBHbie H nonepeHHbie cnHHOBbie Koppeji5iii;HOHHt>ie (J)yHKii;HH b jioKajitHOM npn- 
6jiHJKeHHH nepenncbiBaioxca b bh^^c 

1 1 

y'^"" = y"''^ = Y y"'"' = -y'^"'^ = -Y 
Aq A A5 Aq 2^ 2 

r^e 

_ r 3(l-n)/4 + 2n, / ^ +oo, 
^~ \ 3(l-n)/4, I ^ -cx), 

n — KOHn;eHxpan;H5i HocHxejiefi xoxa. 

MojKHO BH^exb, HTO Ha ypoBHC OepMH noHBjiHexca apKO BbipaJKenHbiii hhk (jiora- 
pH(|)MHHecKa5i oco6eHHOcxb) njioxHocxH C0CX03HHH. 3xox nHK pasMBiBaexcH npH ynexe 
KaK cnHHOBOH flHHaMHKH, xaK H KOHeHHbix xcMHepaxyp. B HamHx pacHcxax cnnHOBaa 
flHHaMHKa yHHXbiBajiacb b npocxeflmeM flH4)4)y3HOHHOM npnGjiHJKeHHH 

A.iE) = P. + Y.|duKiu)J^^^^^±^±^G^^iE-u\ (63) 
Ba{E) = E-^Jdu;K{u:)^^'^G^^{E-u). (64) 

rfle 

T> — KOHcxaHxa cnHHOBoii flHcjDcjDyaHH. 
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B caMocorjiacoBaHHbix BapnaHxax pacnexa njioxHocxb cocxohhhh cxaHOBHxca 
HecKOJibKo crjiajKeHHoii jxa^Ke b oxcyxcxBne cnHHOBofl ;];HHaMHKH. CjiepyeT oxMexHXb, hxo 
nepexo^i; k npefl^eny nyjieBofi xeMnepaxypbi ne BbisbiBaex HHKaKHx xpy;i,HocxeH, b oxjinnne 
ox npeflfijia Gojibinnx d [4j. 

OxMexHM, HTo B DMFT (npn xohhom pemeHHH npHMecHoii aa^aHn) o^HoysejibHaa 
flHHaMHKa yHHXBiBaexcH xohho. KaK noKasbiBaiox pacnexbi saxyxaHHe b DMFT ^o- 
cxaxoHHO Majio, xax hto koh^obckhh hhk pasMbiBaexca cjiaGee; ocoGchho 3xo saMexHO b 
ii;eHxpe sohbi. Cxporo roBopa, HaniH npnGjinxceHHa ne sBjiaioxca nocjieflOBaxejiBHo oflHo- 
ysejiBHBiMH, nocKOjiBKy (|)yHKn;HOHajibHa5i saBHCHMOcxb o6paxHoro jioxaxopa ox xohhoh 
o^HoyaejiBHOH (|)yHKn;HH FpHHa oxjinnaexca ox paccMoxpeHHofi b pas^^ejie |H 

Hcnojit>30BaHHe paccMoxpeHHBix npnGjiHJKeHHfl npHBo;];Hx k neKoxopbiM xpy;];Hocx3M, 
Koxopbie cBHsaHbi c BosHHKHOBeHHeM ^onojiHHxejiBHOH oco6eHHocxH a B BepxHefl nojiy- 

njIOCKOCXH (njIOCKOCXH KOMnjieKCHOH 9HeprHH) B npnGjIHJKeHHOM BBipaJKeHHH ;i,JI5I (|)yHK- 

ii;hh FpHHa. B necaMocorjiacoBaHHOM npnGjiHacennH — sxo ;];onojiHHxejibHbm nojiioc, a b 
caMocorjiacoBaHHOM cjiynae — paspes. Cxporo roBopa, ns-sa sxofi ocoGchhocxh xaxoe npn- 
6jiH>KeHHe HejiBsa cHHxaxt <«4)H3HHecKHM» npH6jiH>KeHHeM fljia sanaa^biBaiomeH cJ^yHK- 
ii;hh FpHHa. FEoaBjieHHe yKaaaHHoii ocoGchhocxh ecxt napymeHHe anajiHXHHecKHx cbohcxb 
fljis aanas^BiBaromeii (|)yHKn;HH FpHHa h mojkcx hphbccxh k pasjinnnoro pofla napymeHH- 

3M, B HaCXHOCXH, yCJIOBHil HOpMHpOBKH. HsjIOM B H;eHXpe 30HL.I, BH^HblH Ha pHC. \5[ CB5I3aH 

c o6cy>K^aBmeHC5i HeanajiHXHHHOcxbio. FEpn yBejinnennH KOHn;eHxpaiJ,HH nocHxejieii hhk 
pasMbiBaexca b cb33h c pocxoM saxyxaHHH, Koxopoe b nameM npnGjiHJKeHHH bcjikko; Kpo- 
Me xoro, B n;eHxpe sohbi nanHHaiox Bjinaxb BKjia^bi, oGycjioBjieHHbie HeaHajiHXHHHocxbio. 
TaKHM o6pa30M, hhk pasMbiBaexca fl^a^Ke b npeneGpejKeHHH cnHHOBofl ^^HHaMHKofl. 

AHajiHXHHecKHe CBoiicxBa necaMocorjiacoBaHHoro npnGjinaceHHa ^jia (|)yHKii,HH FpHHa 
fljiH HOJioJKHxejiBHoro H oxpHH,axejibHoro / pasjiHHHbi. ^JiH / > jiojKHaa oco5eHHOcxb 
Haxo^Hxca b BepxHett nojiynjiocKocxH, a ^Jia / < — b HHJKHen. 

HopMHpOBKa HJIOXHOCXH C0CX05IHHH OHpeflejISCXCil H3 yCJIOBH3 



Ha xa6jiHH;L.i|3]BH;];Ho, hxo b necaMocorjiacoBaHHOM cjiynae ycjioBne HopMnpoBKH napy- 
maexca xojibko fl^jis J < 0. B caMocorjiacoBaHHbix npnGjiHJKeHHax (xpoMe ( 15T]) ) napyme- 
HHe HOpMHpOBKH eCXb ^JIH 060HX SHaKOB /, O^HaKO B HpnGjIHJKeHHH ( 15^ OHO oKasbiBaexcs 
HHCJieHHO MajIblM. 

Cjie^yex Ho^nepKHyxt., hxo npoGjiena co6jiiofleHH5i HpaBHjia cyMM HMeex o6nj,HH xa- 

paKXep H XHHHHHa ^JIH GojIBHIHHCXBa BblHHCJieHHH, HCHOJIB3yiOn];HX MH0r03JieKXp0HH0e 

HpeflcxaBjieHHe Xa66apfla hjih CBasannbie c hhm npe^cxaBjienna BcnoMoraxejitHtix (slave, 
auxiliary) 6o3ohob h 4)epMHOHOB, Koxoptie BKjiioHaiox flonojiHHxejitHbie KHHeMaxHHecKHe 
ycjiOBH3 CB5I3H. 3xo CBSsaHO B ocHOBHOM c flByMS npHHHHaMH. Bo-nepBbix, cxpyKxypa 
nonpaBKH xeopna B03MyrLi;eHHH chjibhoh cbhsh HMeex bh^i; Ak(-E)tk5 r^e Ak(-E) b Be;i,yru;eM 
nopji^Ke no 1/z hjih 1/d saBHCHX xojibko ox SHeprnn (3x0 >Ke HMeex Mecxo h b jioKajib- 
HOM npHGjiHJKeHHH) . FlocKojiBKy soHHaa sHeprHH tk Menaex cboh snaK b sone BpHjijiio- 
3Ha, a MHHMaa nacxb A(^E), Boo6rLi;e roBopa, oxjinnna ox nyjia, xo b ri,ejioM nonpaBxa ne 
HMeex onpeflejieHHoro snaxa mhhmoh nacxn, hxo h npHBo;];HX k noHBjieHHio oco6eHHO- 
cxH B BepxHefl KOMHjieKCHOH HOJiyHjiocKocxH. B 3XOM cjiyHae npHGjiHJKeHHe ^jia aanas- 
^L.iBaioru;eH (|)yHKn;HH Fpnna ne y^oBjiexBopaex xpe6yeML.iM ycjioBHSM anajiHXHHHOcxH: 
Hapymaexca npHHn,Hn hphhhhhocxh h HopMHpoBKa. Flpn 3xom npo6jieMt>i ycjio>KH3ioxca 




(65) 
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Phc. 3: HjiOTHOCTb coctohhhh ^jih aaxpaBOHHofi nojiysjijinnTHHecKOH sohm ^jih s-d 06- 
MeHHOH Mo^ejiH npH 5* = 1/2 n = n n = 0,15 fljia a = + {a, b) r a = — {c, d) b 
HecaMocorjiacoBaHHOM npnGjiHJKeHHH fl25|) . CnjioniHaH jihhhh cooTBexcTByeT TeMnepaxy- 
pe T = 0, 6e3 ynexa cnHHOBofi ;];HHaMHKH f l29|) — f l30|) . a mxpHXCBaa jiHHna — npn nyjieBofi 
xeMnepaxype, c ynexoM cnHHOBofl flHHaMHKH (cUmax = 0,257n) (163|) — flM|) . Sneprna h xcm- 
nepaxypa nsMepaioxca b eflHHHii;ax nojiyniHpHHbi aaxpaBOHHofi sohbi 
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Phc. 4: HjioTHOCTb coctohhhh jiJis nojiysjijiHnTHHecKOH sohbi npn S = 1/2 a n = 0,05 b 
caMocorjiacoBaHHOM npnGjinaceHKH (15T]) . OGosHaneHHa xe ace caMbie, hto h na pnc. [3] 
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Phc. 5: Hjiothoctb cocto3hhh ^jia nojiysjiJinnTHHecKofi sohbi npH S = 1/2 n n = 0,05 b 
caMocorjiacoBaHHOM npnGjiHJKeHHH (153|) . 06o3HaHeHHa xe jkc caMbie, hto h na pnc. [3] 
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npH HcnojibSOBaHHH npoii,eflyp caMOCorjiacoBaHHsi. B nacTHOCTH, nofloSHbie Tpy^HOCTH 
flOJiJKHM B03HHKHyTi. B npHSjiHJKeHHH HenepeceKaiomHxcH ^HarpaMM fljia MO^ejiH Ah- 

jiepcoHa, rjie cxpoHTCH pasjiojKeHHe no rH6pH;];H3an;HH V]^. K cojKajieHHio, 3Ta npo6jieMa 
o6t.iHHO HrnopHpyeTCH, xaK KaK ycjiOBHe HopMHpoBKH 4)aKTHHecKH HHKor^a He iipoBepa- 
exca. Bo-BTopt.ix, otmcthm, hto pacu,enjieHHe ij,enoHKH ypaBHeHHii flBHacenHH b o6iii,eM 
cjiynae npHBO^HT k HapymeHHio Tax HaatiBaeMbix KHHeMaTHHecKHx cooTHomeHHii fljia 
X-onepaTopoB Xa66apfla na oahom ysjie. Taxoe napymeHHe Bnojine anajiornHHO MHoro- 
KpaTHOMy (h, cjie;];oBaTejibHO, HCKoppeKTHOMy) ynexy pacceaHHH na o;];hom ysjie b TeopHH 

HeyiIOpH/],OHeHHBIX CHCTeM, KOTOpBlii IipHBO/],HT K IIOTepe lipHHHHHOCTH H HeiipaBHJIBHBIM 

anajiHTHHecKHM cBoitcxBaM b pa^e cjiyiaeB. OGbihho BbiiiojiHeHne KHHeMaxHiecKHx co- 
OTHomeHHH B pasjiHHHBix npH6jiHJKeHHflx TaK jKe He npoBepaeTCfl. 

7 3aKjiioHeHHe 

PaccMOTpeHHaa b flaHHoii pa6oTe npocTaa 34)4)eKTHBHaa cxeMa pacn;enjieHHfl ypaBHe- 
HHii flfimyKewas jiJis 4)yHKn,HH FpHHa b MHorosjijieKxpoHHOM npe;];cTaBjieHHH nosBOjiaeT 
BocnpoH3BecTH HeTpHBHajibHyio cxpyKTypy cneKTpa b cjiynae nojiOBHHHoro aanojineHHa 
B MOflejiH XaSGap^a h BociipoHSBecTH oco6eHHOCTH b oflHonacTKHHoii hjiothocth cocto- 
flHHii, oSycjiOBjieHHbie scJxJjeKTOM Koh^o Tax ace h b s-d oSivieHHOH MO^ejiH IHySnHa — 
BoHCOBCKoro. PaccMOTpeHHbiii noflxofl flaex xopomee corjiacne c peayjibTaxaMH HOflxoflOB 
B cjiynae 6ojibmHX pasMepHOCTefi npocTpancTBa d h BbiHHCjieHHH KBaHTOBbiM Mexo^^oM 
MoHTe-Kapjio. B to ace apeMH, 3th pacHexbi mojkho jierKO BOCHpoHSBecxH p^jis npoHS- 
BOjibHOH flByx- H TpexMepHoii pemexoK h o6o6m,HTb na MHoroaoHHbili cjiynaH, ^to ho3- 
BOjiaeT HCH0jib30BaTb HOflo6HbiH HOflxofl fljifl HOCTpoeHHa cojibBepa B HOflxofle DMFT. 
B H;ejiOM, MeTOfl MHorosjieKTpoHHbix OHepaTopoB HoaBOJiaex paccMOxpeTb peryjiapnbiM 
cnoco6oM npo6jieMy sjieKxpoHHofi cxpyKxypbi CHCxeM c xa66apflOBCKHM oxxajiKHBaHHeM 
H c oGMeHHbiM S-d BsaHMOfleiicxBHeM. 

^jia MOflejiH Xa66apfla iipoaHajiHSHpoBaHO BjiHSHHe KyjiOHOBCKoro BaaHMOfleiicxBHfl 
na 3BOjiiOH,Hio cxpyKxypbi hjioxhocxh cocxoanHH. riocxpoeHbi hjioxhocxh cocxoflHHH 
HpH pasjiHHHbix HapaMexpax KyjioHOBCKoro oxxajiKHBaHHsi fljia pa^a saxpaBOHHbix mo- 
flejibHbix HjioxHocxefi cocxohhhh. IIoKasaHa bosmojkhocxb onncanHH xpexHHKOBOH cxpyK- 
xypbi cneKxpa, Koxopaa cBaaana c (JjopMiipoBaHiieM cocxoskhh xnna «KoHflo» b paccMax- 
pHBaeMoii CHCxeivie, a xaicsce o6pa30BaHHe nceBfloiii,ejieBoro cocxoflHHfl b cneKxpe b6jih3h 
nepexofla Mexajiji — H30Ji5ixop npn yBejiHHeHHH napaiviexpa xa66apflOBCKoro oxxajiKHBaHHa 
sjicKxpoHOB Ha ysjie. 

K ocoSeHHOcxHM no;i;xo;i;a c.neji;yex oxnecxH onpe;i;ejieHHyio cjiojKHOcxb nocxpoennji 
HpnGjiHJKeHHa, yflOBjiexBop3ioiii,ero npaBHjiy cyMM h iipaBiijibHO yiiiTbiBaiomero KHHeMa- 
xHHecKHe cooxHOHieHHfl fljifl MHorosjijieKxpoHHbix OHepaxopoB. 0/j,HaKo B pa^e cjiynaeB 
yKaaaHHyio HpoSjieiviy y^aexca oSohxh c HCH0jib30BaHHeM jiOKaxopHoro HpeflCxaBjienHJi 

flJIH OflHOHaCXHHHOH 4)yHKI];HH FpHHa. 

Pa6oxa nacxHHHO no^mepxcana nporpaMMoii HpesH^^HyMa PAH ^KBanxoBaa 4)H3HKa 
KOHflencHpoBaHHoro cocxoiiHHa» h npoeKxaMH POOH No. 11-02-00931-a h 11-02-00937-a. 
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Ta6jiHn;a 3: BejiHHHHbi K034)4)Hii;HeHTOB HopMHpoBKH L/ (165|) ^Jia nojiysjijinnTHHecKofi 

SaTpaBOHHOii HJIOTHOCTH COCTOSHHii 



a 


n 








I 


II 


III 


IV 


+ 


0,20 


1,000 


1,000 


1,022 


1,008 


+ 


0,15 


1,000 


1,000 


1,017 


1,007 


+ 


0,10 


1,000 


1,000 


1,011 


1,005 


+ 


0,05 


1,000 


1,000 


1,004 


1,000 


+ 


0,02 


1,000 


1,000 


1,002 


1,000 


+ 


0,00 


1,000 


1,000 


1,001 


1,000 




0,00 


1,510 


1,395 


1,325 


1,014 




0,02 


1,489 


1,366 


1,328 


1,018 




0,05 


1,448 


1,337 


1,318 


1,016 




0,10 


1,385 


1,331 


1,277 


1,012 




0,15 


1,342 


1,246 


1,227 


1,010 




0,20 


1,289 


1,192 


1,177 


1,009 



I — HecaMocorjiacoBaHHoe npnGjinaceHHe fl28|) : II — caMocorjiacoBaHHoe npnGjinace- 
HHe (15T]) : III — caMocorjiacoBaHHoe npnGjinaceHHe (152|) . IV — caMocorjiacoBaHHoe npnGjin- 
JKCHHe (15^ . 
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